Hybridomas were prepared from mice immunized with myosin from the enlarged left ventricle of a 53-year-old female with an obstructive cardiomyopathy. The specificity of 15 monoclonal antibodies to myosin heavy chains was assessed by the reactivity of muscle extracts and of chymotryptic myosin fragments of different sizes with these antibodies, as determined by the immune replicate technique; some of the monoclonal antibodies cross-reacted only with the ventricular V3-type myosin from hypothyroid rats, whereas the other antibodies cross-reacted both with the latter and with the ventricular VI-type myosins from normal young rats. Immunological heterogeneity of the fibers from human atrial muscles and from human ventricular muscles was detected by some of the antimyosin antibodies by means of indirect immunofluorescence. Histochemical fiber heterogeneity was also detected by adenosine triphosphatase staining of the same tissues. Because of the close correspondence observed between the immunological and histochemical responses of atrial fibers, it has been postulated that at least two distinct types of myosin exist in the human atrium, each myosin form being histochemically related to either a-or /3-like ventricular myosin heavy chains. In contrast, there was no direct correspondence between the two experimental approaches in human ventricles, and it is postulated that at least three distinct types of myosin exist within the human ventricles, one VI-type myosin, presumably corresponding to the very rare fibers with an alkaline-stable adenosine triphosphatase activity, and two other V3-type myosins corresponding to immunologically different fibers, each having an alkaline-labile adenosine triphosphatase activity. Monoclonal antibodies that can distinguish among the different myosin variants were further used to provide the basis for an anatomical description of fiber types and myosin types within the human atrial and ventricular myocardium in the whole hearts of two young boys who died sudden violent deaths. Small zones of myosin variation were seen to be scattered, but probably not randomly distributed, within large areas of myocardium in which the cellular distribution of myosin was constant; the large areas had one myosin distribution specific for each cardiac cavity. No clear-cut conclusions can yet be made concerning the physiological role of the regional variations observed in the distribution of the different molecular forms of myosin (Circ Res 55: 794-804, 1984) 
SUMMARY. Hybridomas were prepared from mice immunized with myosin from the enlarged left ventricle of a 53-year-old female with an obstructive cardiomyopathy. The specificity of 15 monoclonal antibodies to myosin heavy chains was assessed by the reactivity of muscle extracts and of chymotryptic myosin fragments of different sizes with these antibodies, as determined by the immune replicate technique; some of the monoclonal antibodies cross-reacted only with the ventricular V3-type myosin from hypothyroid rats, whereas the other antibodies cross-reacted both with the latter and with the ventricular VI-type myosins from normal young rats. Immunological heterogeneity of the fibers from human atrial muscles and from human ventricular muscles was detected by some of the antimyosin antibodies by means of indirect immunofluorescence. Histochemical fiber heterogeneity was also detected by adenosine triphosphatase staining of the same tissues. Because of the close correspondence observed between the immunological and histochemical responses of atrial fibers, it has been postulated that at least two distinct types of myosin exist in the human atrium, each myosin form being histochemically related to either a-or /3-like ventricular myosin heavy chains. In contrast, there was no direct correspondence between the two experimental approaches in human ventricles, and it is postulated that at least three distinct types of myosin exist within the human ventricles, one VI-type myosin, presumably corresponding to the very rare fibers with an alkaline-stable adenosine triphosphatase activity, and two other V3-type myosins corresponding to immunologically different fibers, each having an alkaline-labile adenosine triphosphatase activity. Monoclonal antibodies that can distinguish among the different myosin variants were further used to provide the basis for an anatomical description of fiber types and myosin types within the human atrial and ventricular myocardium in the whole hearts of two young boys who died sudden violent deaths. Small zones of myosin variation were seen to be scattered, but probably not randomly distributed, within large areas of myocardium in which the cellular distribution of myosin was constant; the large areas had one myosin distribution specific for each cardiac cavity. No clear-cut conclusions can yet be made concerning the physiological role of the regional variations observed in the distribution of the different molecular forms of myosin (Circ Res 55: 794-804, 1984) CARDIAC myosins exhibit molecular heterogeneity within the ventricles and atria of some mammals, according to evidence derived from several different experimental approaches (Hoh et al., 1978; Flink and Morkin, 1979; Klotz et al., 1981; Lompre et al., 1981; Sartore et al., 1981; Chizzonite et al., 1982; Gorza et al., 1982; Litten et al., 1982; Banerjee, 1983) . These molecular variants of myosin heavy chains play a role in controlling myocardial function, both under normal conditions of development and during heart disease Rupp, 1982; Swynghedauw and Delcayre, 1982) . Regional variations in muscle fiber distribution, corresponding to different distributions of molecular variants of myosin heavy chains, have been detected in beef atrial and ventricular myocardium by immunofluorescence: it has been suggested that certain muscle fibers having a specific myosin content may be specialized for faster conduction (Sartore et al., 1981; Gorza et al., 1982) . Several recent publications mention the possible existence of molecular heterogeneity in human cardiac myosins, but relatively less work has been done on myosins in human hearts. Human ventricular and atrial myosins have different enzymatic activities and different light chain contents . Sequence microheterogeneities have been detected in the light chain 2 of human ventricular myosin (Klotz et al., 1982) , and variations in light chain contents under pathophysiological conditions have been seen in human atria (Cummins, 1982) and in human ventricles (Tuschmid et al., 1983) . Human ventricular and atrial myosins have different heavy chains, as shown by peptide mapping , but migrate as a unique and identical band under nondissociating conditions Clark et al., 1982; Klotz et al., 1983) . Human ventricular myosin reacts four to six times more with monoclonal antibodies specific for the V3 myosin heavy chains of embryonic chicken ventricle than with monoclonal antibodies specific for the VI myosin heavy chains of adult rabbit ventricle . Schiaffino et al. (1983) and Mercadier et al. (1983) have shown that normal human heart contains 0-15% of total ventricular myosin which reacts with antibodies to the rat and beef VI myosin isoform; no similar information is available concerning human atrial myosin. A recent histochemical study of normal human heart has conclusively shown that heterogeneity with respect to fiber ATPase activity exists not only between atrial and ventricular myocardia but also within normal atrial and ventricular myocardium (Thornell and Forsgren, 1982) .
A rather new experimental method for studying molecular variations in any molecule is the use of monoclonal antibodies; these permit a detection of even slight antigenic differences between closely related molecules, and the hypothetically heterogeneous molecule under study can be used as an immunogen. This method has recently been used to detect previously known and currently unknown molecular heterogeneities of myosins in certain animal muscles (Bader et al., 1982; Chizzonite et al., 1982; Winckelmann et al., 1983; Miller et al., 1983; Wachsberger et al., 1983) . Thus, we prepared hybridomas from mice immunized with myosin from the left ventricle of a hypertrophic human heart and observed that muscle fiber heterogeneity can be detected by indirect immunofluorescence within both human atrial and ventricular myocardium. This muscle fiber heterogeneity detected by antimyosin heavy chain antibodies is variably distributed in each cavity of the human heart. We compare it to that detected by histochemistry in beef, human, and rat hearts, by immunofluorescence in rat ventricles, and by other methods in human hearts. We discuss the functional significance of this variable cellular distribution of the different molecular forms of atrial or ventricular myosins in terms of their location in human heart.
Methods

Tissue Sources
Adult human hearts were obtained either within 12 hours after death or from renal transplant donors (Nephrology and Urology Units, Hopital Saint-Charles, Montpellier). Prior to surgery, informed consent from the donor's family was obtained.
Myosin for mouse immunization was prepared (Klotz et al., 1981) from the hypertrophic left ventricle of a 53year-old female who had an obstructive cardiomyopathy (heart weight: 690 g; degree of hypertrophy: about 200%).
Immunofluorescence studies were routinely made on fragments from autopsied adult hearts weighing 350 g or less and apparently free of any cardiac disease. Tissue samples excised from the posterolateral wall of the left 795 ventricle and the left atrium were frozen directly in liquid nitrogen and stored at -80°C, if not immediately used. Serial tissue sections (6-8 /xm) were cut with a cryostat at -20°C and either processed for immediate immunofluorescence and histoenzymological studies or stored at -80°C until use. Identical results were observed under both conditions.
The anatomical description of fiber types and myosin types within the human heart was made on the whole heart of two 16-year-old boys who died sudden violent deaths. Seventeen tissue samples, each about 1 cm long, were excised from different regions of the hearts immediately after death ( Fig. 1 ). Four samples came from the right atrium and three from the left atrium; six samples came from the right ventricle and four from the left ventricle. Two atrial samples (3 and 12) came from regions of postulated preferential conduction pathways (James and Sherf, 1971) ; samples 2 and 13 came from the right and left auricle, respectively, whereas the three other samples (1, 4, and 11) came from common atrial myocardium. Two ventricular samples (5 and 6) came from regions of postulated preferential conduction pathways, R A L V L A FIGURE 1. Location of excised tissue samples (Netter, 1974) 
. Upper panel: right atrium (RA) and ventricle (RV) opened and viewed from the front. Lower panel: left ventricle (LV) flap opened in the posterolateral wall and sectioned left atrium (LA) from a posterolateral view.
Specimens were excised from: RA, 1, anterior trabeculated wall; 2, auricle; 3, crista terminalis; 4, interatrial septum above the limbus of the fossa ovalis. RV, 5, interventricular septum below the supraventricular crest; 6, septa! band; 7, anterior papillary muscle; 8, anterior free wall; 9, conus arteriosus; 10, interventricular septum near the apex. LA, 11, posterior free wall; 12, superior free wall; 13, auricule. LV, 14, mid-portion of the muscular interventricular septum; 15, mid-portion of the posterolateral free wall; 16, anterior papillary muscle; 17, apex. and 15 came from free walls, and samples 10 and 17 came from the apex, whereas sample 9 was excised from the conus arteriosus located near the pulmonary artery ( Fig.  1 ). All tissue samples were prepared for immunofluorescence and histoenzymological studies as already described.
Normal Wistar rats (6 weeks old) and hypothyroid rats of the same strain (5 mg of propylthiouracil forcibly fed daily for 4 weeks) were killed by a sharp blow on the neck. The hearts were rapidly removed and processed like human hearts.
Monoclonal Antibodies
Mice (strain CB 20 or Biozzi HR) were immunized with myosin from a stock solution prepared from a hypertrophic left ventricle (see tissue sources). This myosin, used as an immunogen, was previously denatured with 2% sodium dodecyl sulfate (Schwartz et al., 1980) and then dialyzed in 50 mM sodium pyrophosphate, pH 7.5. The mice were immunized twice subcutaneously with 100 /xg of myosin emulsified in Freund's adjuvant at intervals of a few weeks. The mice were boosted intraperitoneally with 100 ng myosin 3 days before the fusion. Isolated splenocytes were fused with a P3-X63-Ag8-653 mouse myeloma in the presence of polyethylene glycol, as described by Di Pauli and Raschke (1978) . The supernatants of 1024 hybridoma cell cultures from two fusions were screened for human ventricular myosin with a direct solid phase radioimmunoassay (RIA). Most of the positive hybridomas were not immediately cloned, but were kept in culture in RPMI 1640 with 15% fetal calf serum. A few cell lines which appeared to be of special interest for the detection of myosin heterogeneity (see Results) were additionally cloned using a fluorimetric cell sorter; the corresponding immunoglobulins were purified from the ascite fluid of mice injected by each hybridoma line by passage through protein A Sepharose columns. For use in immunofluorescence studies, culture supernatants or purified ascite fluids were pooled and their IgG content was precipitated by the addition of ammonium sulfate at a final concentration of 50%; the collected pellets were solubilized in 150 mM NaCl, 10 mM sodium phosphate, pH 7.4 (PBS), and stored at -20°C until use.
The direct solid phase RIA used for screening cell line supernatants for immunoglobulin production and for subsequent antibody titrations was processed as follows: an excess of human ventricular myosin (50 ttl at 20 ttg/ml in 0.5 M NaCl, 50 mM sodium pyrophosphate, pH 7.4) was coated in each well of a 96-well polyvinyl microtiter plate. Fifty microliters of each hybridoma medium were then incubated for 3 hours at 25°C with the coated myosin. After washing, I25 I-Iabeled goat antimouse IgG was added and incubation continued for 3 hours at 25°C. After washing, the radioactivity contained in each well was counted. A cell culture supernatant containing no antimyosin antibody was used as a control. The competitive RIA for testing the specificity of any antibody to different human myosins was essentially the same as described by Winckelman et al. (1983) .
To test the specificity of the antibodies to the myosin heavy chains, total muscle extracts in SDS buffer , myosin samples, and chymotryptic treated myofibril samples (Klotz et al., 1981) were first separated by electrophoresis in SDS PAGE using the buffer system of Laemmli (1970) . The protein bands were then electrophoretically transferred to nitrocellulose paper Circulation Research/Vol. 55, No. 6, December 1984 according to the method of Towbin et al. (1979) and, after incubation with each cell line supernatant, the immune bands were revealed, using rabbit antimouse IgG coupled with peroxidase (Matus et al., 1980) .
Immunofluorescence Study of Heart Cells
Indirect immunofluorescence was performed on transverse sections of frozen cryostat tissue samples from different regions of the human heart with appropriate dilutions of the antibody solutions, according to the method of Gorza et al. (1982) . Atrial and ventricular sections were processed with fluorescein-labeled rabbit antimouse IgG specially prepared to avoid nonspecific cross-reaction (Nordic Immunologic Laboratories). The slides were mounted in a mixture consisting of an equal volume of PBS and glycerol. Sections were examined with a Leitz Orthoplan microscope equipped with epifluorescence optics. Controls for immunofluorescence included sections incubated with a cell culture supernatant either free of monoclonal antibody or containing a monoclonal antibody to renin (a generous gift from B. Pau).
Enzyme Histochemistry of Heart Cells
Serial sections adjacent to those used for immunofluorescence studies were stained for myofibrillar ATPase (myosin adenosine triphosphatase, calcium activated, EC 3.6.1.3) according to the method of Brooke and Kaiser (1970) . The initial preincubation was made at pH 10.2, 10.4, 10.6, and 10.8 according to the method of Thornell and Forsgren (1982) . The sections were examined under a Leitz Orthoplan photomicroscope.
Results
Antibody Characterization and Selection
Fifteen stable hybridomas specific for human ventricular myosin were selected by direct RIA from two separate cell fusions; two hybridomas were generated from a CB 20 mouse, and the other 13 hybridomas were from a Biozzi HR mouse. Both immunizations used SDS-denatured myosin (Schwartz et al., 1980) prepared from the hypertrophic left ventricle of a 5 3-year-old female who had an obstructive cardiomyopathy. The 15 cell lines were cloned and their supernatants reacted only with the myosin heavy chains and not with the myosin light chains or other trace contaminants present in the whole muscle extract or in the myosin preparation as determined by the immune replicate technique (Fig. 2 , a,a' and b,b') (Towbin et al., 1979) . The specificity of the antibodies to myosin heavy chains was further tested by the reactivity of the two main chymotryptic fragments of the myosin heavy chains (e.g., rod and subfragment 1) (Fig. 2 , c,c',c") and in some cases to smaller chymotryptic fragments of purified myosin rod (Fig. 2, d, d', d") or subfragment 1 (Klotz et al., 1981) to these antibodies. These different blotting experiments enabled us to verify that the antibodies were directed to the myosin heavy chain molecule, even though the myosin used as an immunogen contained trace contaminants. Most of the antibodies reacted differently with four different human myosins from the ventri- cle, atrium, skeletal muscle, and uterus as determined by competitive radioimmunoassay (data not shown). These competition assays and the assays of specificity to different chymotryptic myosin fragments ( Fig. 2, d,d',d") suggest that most of the antibodies were presumably specific for different epitopes along the myosin heavy chain molecule.
In a preliminary study, the 15 monoclonal antibodies were applied at different dilutions on serial cryostat sections of human atrial and ventricular tissue sections, to test their histoimmunological cross-reactivity with the cardiac fibers detected by fluorescein-labeled rabbit antimouse IgG. All 15 antibodies had a high response in terms of fluorescence level, and the response varied with the antibody dilution. Fiber typing was carried out on more than 50 tissue blocks coming from 10 different human atria and ventricles. The controls carried out with culture medium and labeled with antimouse IgG displayed a total absence of staining in all atrial and ventricular fibers (data not shown).
Fiber Typing in Human Atria
To determine whether any of the 15 available monoclonal antibodies would react differently with the hypothetically multiple molecular forms of myosin in human heart, tissue samples were initially excised from the free anterior wall of the right ventricle and of the anterior wall of the right atrium of different adult human hearts. A few of these muscle sections adjacent to those used for im- Three serial tissue sections from the anterior trabeculated wall of the right atrial human myocardium (sample 1 in Fig. 1) processed  for indirect immunofluorescence with antiventricular human myosin antibodies (a) and (b) and for the histochemical staining of myosin ATPase  activity after preincubation at pH 10.6 (c). Hybridomas which uniformly stained all atrial fibers (a) constituted the 1A group. The others, which  preferentially stained certain fibers (b), constituted the 1A group. Arrowhead: an atrial fiber highly reactive with the 2A hybridoma group (b) : an atrial fiber weakly reactive with the 24 hybridoma group (b) and exhibiting high ATPase activity after alkaline preincubation (d). Initial magnification, lOOx. Bar: 20 fim. munofluorescence studies were stained for histochemical determination of myofibrillar ATPase. Nine of the 15 hybridoma supernatants examined on atrial tissue sections reacted with the same affinity for all atrial fibers, and the immunofluorescence level observed varied according to the antibody dilution. This group of hybridomas, whose supernatants reacted homogeneously with all atrial fibers, was designated as 1A (Fig. 3a) . The supernatants of the six other hybridomas,-at specific antibody dilutions, displayed a heterogeneous pattern of fluorescence reactivity (Fig. 3b ): some fibers designated as A+ fibers were bright; others fibers designated as A-fibers were relatively dark, and one group of fibers showed various intermediate stainings. This group of hybridomas, whose supernatants reacted heterogeneously with the atrial fibers, was designated as 2A. By using serial sections, we were able to verify that all the 2A hybridoma supernatants consistently reacted with the same atrial fibers (A+ fibers), and conversely, not with the A-fibers.
and exhibiting weak ATPase activity after alkaline preincubation id). Arrow
In order to compare the heterogeneity of human atrial fibers detected here by antimyosin antibodies to that previously reported in histochemical deter-Circulation Research/Vol. 55, No. 6, December 1984 minations of ATPase activities (Thornell and Forsgren, 1982) , serial sections of the same atrial samples were incubated at pH 10.6 and then stained for ATPase activity. The atrial fibers which were poorly labeled immunologically with the 2A-hybridoma group (A-fibers), were always much more heavily stained for histochemical ATPase activity than the fibers which were highly labeled with the 2A hybridoma group (A+ fibers) (see arrow in Fig. 3, b and c, and arrowhead in Fig. 3, b and c, respectively) . Fibers with intermediate stainings both in fluorescence and ATPase activity could be observed. Therefore, there is apparently a close correspondence between the immunological and histological methods for detecting heterogeneity in human atrium (see Table 1 ).
Fiber Typing in Human Ventricles
Nine of the 15 hybridoma supernatants studied stained all ventricular fibers homogeneously, but at variable immunofluorescence levels according to the antibody dilution used (Fig. 4a) ; this group of cell lines was designated as IV. The supernatants of the six other available hybridomas stained certain sparse fibers intensely (designated as V+ fibers) and reacted weakly and uniformly with the other ventricular fibers (designated as V-fibers) (Fig. 4b) ; some very sparse fibers were intermediately stained. This group of hybridomas was designated as 2V. The experimental controls in the absence of any hybridoma supernatants displayed a total absence of staining in all ventricular fibers (data not shown).
Serial cryostat sections of ventricular samples adjacent to those used for immunofluorescence studies were incubated at different alkaline pH and stained for ATPase activity (Thornell and Forsgren, 1982) . The few ventricular fibers which reacted intensely with the supernatants of the 2V-hybridoma group FIGURE 4. Two serial tissue sections from the free anterior wall of the right ventricle (sample 8 in Fig. 1 ) processed for indirect immunofluorescence with antiventricular human myosin antibodies: (a) and (b) . Hybridomas which uniformly stained all ventricular fibers (a) constituted the IV group. The others, which preferentially stained certain sparse fibers (b), constituted the 2V group. Initial magnification, 40x. Bar: 50 pm. Fig. 1 ) processed for indirect immunofluorescence with a 2V hybridoma (a) and for ATPase activity after preincubation at pH 10.4 (b) and at pH 10.6 (c). Arrow: a group of three ventricular fibers whose ATPase activity was inhibited at both pH and which corresponds for immunofluorescence to V+ fiber type. Arrowhead: a fiber which exhibited a slightly higher ATPase activity at pH 10.6 but which reacted like other V-fibers for ATPase activity at pH 10.4 or for immunofluorescence. Initial magnification, 1OOX.
(V+ fibers) showed no ATPase activity after alkaline preincubation of the tissue in the pH range between 10.2 and 10.8 (see arrow in Fig. 5, a-c) . The other ventricular fibers which immunologically reacted weakly with the supernatants of the 2V hybridoma group (the V-fibers), exhibited homogeneous ATPase activity after preincubation of the tissue at pH 10.4 or below (Fig. 5b ), but curiously exhibited heterogeneous ATPase activity after preincubation of the tissue at higher pH (Fig. 5c ). Under the latter conditions, a few V-fibers were uniformly and highly stained for ATPase activity (arrowhead in Fig. 5c ), whereas most of the V-fibers exhibited an intermediate stain for ATPase activity. These data are summarized in Table 2 . Therefore, both the immunological and the histochemical method detect heterogeneity in human ventricle, but the close correspondence between the two experimental approaches does not exist as in the studies on human atrium.
Comparative Fiber Typing in Human Atrium and Ventricle
We then made a comparative study of the immunological reactivities of the supernatants of the 15 hybridomas on serial sections of ventricular fibers and atrial fibers, with both muscle sections applied to the same slide and with the supernatant at the same dilution. Two of the six hybridoma supernatants of the 2V group, which heavily stained a few ventricular fibers (V+ fibers in Fig. 4b) , displayed a heterogeneous pattern of reactivity wih atrial fibers (Fig. 3b) ; this indicates that the labeled atrial fibers previously designated as A+ fibers differ not only from the unlabeled atrial A-fibers, but also from the unlabeled ventricular V-fibers. This also indi-cates that unlabeled atrial A -fibers differ from the labeled ventricular V+ fibers (Table 3) . However, this hybridoma group, 2V(2A), does not support the evidence for a difference between atrial and ventricular labeled fibers (A+ vs. V+ fibers) and between atrial and ventricular unlabeled fibers (A-vs. Vfibers). The four other supernatants of the 2V hybridoma group uniformly and weakly stained all atrial fibers: this indicates that the atrial fibers previously reactive with the 2V(2A) hybridoma group (A+ fibers) were different from the more reactive group of ventricular fibers (V+ fibers). This hybridoma group was called 2V(1A). In contrast, four of the nine cell line supernatants which uniformly and intensely stained all ventricular fibers (Fig. 4a , IV hybridoma group) displayed a heterogeneous pattern of fluorescence reactivity in atrium (Fig. 3b ). This indicates that the unreactive atrial A-fibers were different from all ventricular fibers which were reactive with this 1V(2A) hybridoma group (V-or V+ fibers). The supernatants of the last five hybridomas of the set uniformly and intensely stained the atrial and ventricular fibers 1V(1A) and possiblycorresponded to epitopes common to all human cardiac myoxins. To summarize, human atrium, as well as human ventricle, is composed of at least two different antigenic types of muscle fiber, both specific for each cardiac cavity.
Anatomical Distribution of Human Heart Fibers
Immunofluorescence microscopy was further performed on 17 different regions of the hearts of two Circulation Research/Vo/. 55, No. 6, December 1984 16-year-old boys, to determine the fiber distribution and, consequently, the cellular distribution of the multiple molecular forms of atrial and ventricular myosin recognized by the antibodies of the 2A and 2V hybridoma groups, respectively. About 100 serial 7-/im-thick frozen sections per tissue block were examined.
The most frequent pattern of reactivity observed in all atrial samples treated with the supematants of the 2A hybridoma group is shown on Fig. 6a : Many atrial fibers were either intensely (i.e., the A+ fibers) or weakly (i.e., the A-fibers) stained, whereas many others were intermediately stained. All the tissue sections of the atrial samples which were excised from one region of postulated conduction pathways (12) or from common atrial myocardium (4 and 11) contained only a half-and-half mixture of the A+ and A-fibers. In a few longitudinally oriented bundles, A+ and A-fibers (reactive or unreactive, respectively, with antibodies from the 2A hybridoma group) were observed near each other ( Fig.  6b) : this indicates the apparently discontinuous arrangement of the different types of atrial fibers. The four other atrial samples examined contained half FIGURE 6. Tissue sections from four different regions of human atrial myocardium processed for indirect immunofluorescence with the supematants of the 1A hybridoma group, a: transverse section of the anterior wall of the RA (no. 1 in Fig. 1) , b: longitudinal section of the interatrial septum (no. 4 in Fig. 1) , c: transverse section of the subendocardial area of the left auricle (no. 13 in Fig. 1), d: transverse section of the subendocardial area of the crista terminalis (no. 3 in Fig. 1) . Note that the fiber patterns in (a) and (b) are observed in all atrial tissue samples, whereas the fiber patterns in (c) and (d) are observed in only a few sections of specifically located atrial samples . Initial magnification: a, c, d, 40x . Bar: 50 urn; b, 100X. Bar: 20 pm. of the tissue sections with the equilibrated mixture of heterogeneously reactive fibers described above; the other half of the tissue sections corresponded to two opposite situations in terms of the regional distribution of fiber types. One situation, which corresponds to the presence of a majority of weakly reactive A-fibers with a few highly reactive A+ fibers (Fig. 6c) , was observed in both auricles (samples 2 and 13). The other situation, which corresponds to the presence of a majority of highly reactive A+ fibers, was observed only in the subendocardial area of the right atrium (samples 1 and 3, Fig. 6d ). However, samples 3 and 12, which were both excised from regions of a postulated conduction pathway displayed a different fiber pattern. The same regional distribution of the different atrial fibers was observed in both hearts. From this study of about two thousand sections from seven different atrial regions in two normal human hearts, it can be concluded that human atrium contains two different fiber types which are invariably located and exist in roughly the same proportion.
The most frequent pattern of reactivity observed in all ventricular samples treated with the supernatants of the 2V hybridoma group is shown in Figure  7a . Most of the ventricular fibers reacted weakly but uniformly with the antimyosin antibodies, and only a few fibers were highly reactive. The most frequent pattern of ventricular fibers therefore consists of a majority of V-fibers with a small amount of the V+ fibers, ranging from approximately 2 to 5% of all fibers. This regional distribution of fiber types was observed in all ventricular sections from samples 6, 8, 14, 15, and 16, and on some sections of samples 5 and 7. The number of rare, highly reactive V+ fibers increased significantly in some sections from sample 5, which contained a maximum proportion of about 15% V+ fibers. However, this 801 increase in V+ fibers was not observed in sample 6 which, like sample 5, was excised from a region of postulated conduction pathways. On the few sections from sample 5, where the V+ were numerous, they were arranged in bundles (Fig. 7b ). Conversely, these highly reactive V+ fibers were totally absent in most sections from samples excised from the apex (10 and 17) and from the conus arteriosus (9). In terms of the myosin distribution, no differences were observed between endocardial and epicardial areas. The same regional variation in the distribution of the V+ and V-fibers was observed in both hearts. On the basis of this study of about 3500 sections from 10 different ventricular regions in two human hearts, it can be concluded that human ventricle contains two different fiber types but that the amount of the V+ type fibers varies roughly between zero to 15% of the total fibers, depending on the location of the ventricular tissue.
Discussion
The present study shows that human atrium and human ventricle each contain muscle fibers that differ in their antigenic reactivity with a set of myosin heavy chain specific antibodies prepared from an enlarged human ventricle. On the basis of these observations, we can assume that at least two antigenic types of myosin are present in the ventricle, as well as in the atrium. Since different hybridoma supernatants are able to detect these antigenic differences, and since the epitopes of the immunoglobulins used are located at different positions along the myosin chains, it is likely that the two (or more) atrial myosins and the two (or more) ventricular myosins detected each have different primary structures. In addition, since the set of antimyosin hybridomas can be grouped into four subclasses according to the unique or dual specific reactivity of their sections from two different regions of the human ventricular myocardium processed for indirect immunofluorescence with the  supernatants of the 2V hybridoma group, a: transverse section of the subendocardial region of the mid-portion of the posterior left ventricular  wall (no. 25 in Fig. 1), b: oblique section of the region below the supraventricular crest of the RV (no. 5 in Fig. 1). Note that the fiber pattern in  (a) is observed in almost all tissue samples, whereas the fiber pattern in (b) is observed in only a few sections of specifically located ventricular  samples. Initial magnification, 40x. Bar: 50 supernatants with the atrial or ventricular fibers (Table 3) , it can be assumed that the two human ventricular myosins (corresponding to the V+ and V-fibers) are molecularly different from the two human atrial myosins (corresponding to the A+ and A-fibers) ( Table 3 ). In general, our immunological results support the view that human atrium and human ventricle each contain at least two molecular variants of myosin heavy chains, as do rat, rabbit, and beef atria and the ventricles of many animals (Hoh et al., 1978; Flink and Morkin, 1979; Klotz et al., 1981; Lompre et al. 1981; Chizzonite et al., 1981; Sartore et al., 1982; Gorza et al., 1982; Litten et al., 1982; Banerjee, 1983) . Heterogeneity of cardiac fibers with respect to myosin composition consequently appears to be a general property of mammalian hearts, regardless of the size of the animals.
The heterogeneous reaction of the fibers to ATPase after alkaline preincubation within human atrium was also demonstrated in beef atrium by Gorza et al. (1982) , but, curiously, these results differ from those of Thornell et al. (1982) , who detected a heterogeneous ATPase reaction within human atrium only after acid preincubation. Reservations are therefore required in any interpretation of the ATPase data. By comparing the histoenzymatic response to the immunological typing of the same bovine atrial fibers, Gorza et al. (1982) have observed that fibers which were ATPase resistant at alkaline pH, cross-reacted with anti-beef atrium (or anti-Vl or anti-myosin heavy chain a) serum, and that the other minor atrial fibers which lost their ATPase activity at alkaline pH, cross-reacted with anti-beef ventricle (or anti-V3 or anti-myosin heavy chain /3) serum. Because of their similar histochemical behavior, it is tempting to suggest that human atrial A-fibers with an alkaline stable ATPase activity are structurally related to a-like myosin heavy chains and that human A+ fibers with an alkaline labile ATPase activity are related to /3-like myosin heavy chain; the set of antibodies used in the present work would then react either with V3type myosin heavy chains (2A-hybridoma group) or with VI-and V3-type myosin heavy chains (1Ahybridoma group), and none of the antibodies would react with VI-like myosin heavy chains alone. The presence of two different molecular variants of human atrial myosin, each having a structural relationship with one of the two main types of ventricular myosin, but all of which are different (see Results and Table 3) , is in accordance with the results of Clark et al. (1982) which showed the simultaneous presence of VI-type and V3-type epitopes in atrial myosins from chicken, pig, and beef.
The patterns of alkaline pH sensitivity of the histochemical ATPases of all human ventricular V+ fibers and of most of the V-fibers are rather similar to those observed within the ventricles of beef and hypothyroid rats, which lose their ATPase activity above pH 10.4 and contain mainly the V3-type of ventricular myosin (Sartore et al., 1981; Weisberg et al., 1983) . The other very rare human V-fibers which still have an ATPase activity at pH 10.6 ( Fig.  5c ), behave histochemically like the ventricular fibers of euthyroid rats which contain mainly the VItype of ventricular myosin. The finding that none of the 15 monoclonal antibodies used here would react with any human fiber containing only VI-type myosins, was further tested on ventricular fibers prepared from a 1-month-old euthyroid rat and from a hypothyroid rat. We thus observed that some of our 2V hybridoma stained intensely certain fibers of the left ventricle of the normal rat ( Fig. 8a) and all fibers of the left ventricle of the hypothyroid rat ( Fig. 8c) , assessing that these monoclonal antibodies reacted with epitopes present only in the V3-type of rat ventricular myosin. We also observed that the other 2V hybridomas and all IV hybridomas reacted more or less intensely with the ventricular fibers of both rats, but in a single way, suggesting that these monoclonal antibodies reacted with epitopes common to VI-and V3-types of ventricular myosin (Fig.  8, b and d) . We also confirmed the histochemical observations made by Weisberg et al. (1983) and the relationship between immunological and histochemical fiber typings. Rare Vl-type myosins already have been detected in human ventricles by Thornell et al. (1982) , using histochemistry, and by Schiaffino et al. (1983) and Mercadier et al. (1983) , using monoclonal and polyclonal antibodies specific to the rat and beef Vl-type myosins. The probable absence of anti-Vl monoclonal antibodies in our hybridoma set could be an unexpected consequence of the initial choice of an antigen which did not in fact contain this Vl-type myosin (Mercadier et al., 1983) . On the basis of the histochemical and immunological information currently available, we tentatively conclude that human ventricle contains very few Vl-type myosins (presumably, the Vfibers with an alkaline-stable ATPase activity) and two molecular variants of V3-type myosins, one being relatively rare (the V+ fibers with an alkalinelabile ATPase activity), and the other representing 90-95% of the total myosin amount (the V-fibers with an alkaline-labile ATPase activity). A presence of two forms of V3-type myosin in rat ventricles has already been suggested by Watras (1981) . More recently, Mahdavi et al. (1983) have reported a similar heterogeneity involving two different primary amino acid sequences within the Vl-type myosins in the rat ventricle.
The most interesting result concerning the anatomical distribution of human heart fibers reported here is the observation of small zones of myosin variation scattered but not randomly distributed within a large area of myocardium whose cellular distribution of myosin is constant. The subendocardial region of the crista terminalis and the anterior trabeculated wall of the right atrium are rich in highly immunoreactive myosins, whereas both auricles are rich in nonimmunoreactive myosins. These regional variations in myosin distribution could perhaps be related to the tension of the different cardiac walls as the result of a process of adaptation to the same internal pressure (Sandier and Dogge, 1963) . Our results in human atria were not the same as those obtained by Gorza et al. (1982) , who have suggested that certain typical patterns of muscle fiber in beef atrial myocardium may be specialized for faster conduction. The origin of the discrepancy is still unknown, but it is probably related to the postulated existence of specialized conduction pathways in atrial human myocardium (Anderson et al., 1981) . In the ventricle, a distribution gradient of the small zones of variation in myosin distribution ap-803 pears to exist within normal myocardium: highly immunoreactive myosins are more abundant near the auriculoventricular valves than in the midportion of the ventricular wall or septum, and are nearly absent in the apex and conus arteriosus. No significant differences in the regional distribution of different myosin types between the left and right ventricle have been detected, with our approach, as have been found in beef ventricles (Sartore et al., 1981) . However, it should be emphasized that our anatomical study was limited to whole normal hearts of two young boys, and that the antibodies used probably react only with V3-type myosins. The regional distribution of V-fibers with an alkalinestable ATPase activity is thus not described by the present results. Our anatomical study is currently being extended to a variety of other whole human hearts in different physiological or pathophysiological states, in order to detect any possible variation in their myosin distributions (Schier and Adelstein, 1982; Mercadier et al, 1983; Leger et al., 1983) .
